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(57) ABSTRACT

In the production of a nuclear-hydrogenated polymer, the
hydrogenation of an aromatic vinyl compound—(meth)acry-
late copolymer 1s conducted 1n a mixed solvent comprising an
ester compound and an alcohol compound 1n the presence of
a catalyst. By this method, a highly transparent nuclear-hy-
drogenated polymer 1s produced safely, stably and quickly,
even when the degree of nuclear-hydrogenation 1s low.
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METHOD OF PRODUCING
HYDROGENATED POLYMERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of producing
polymers having their aromatic rings hydrogenated (nuclear-
hydrogenated), comprising a step of hydrogenating an aro-
matic vinyl compound—(meth)acrylate copolymer 1 a
mixed solvent of an ester compound and an alcohol com-
pound 1n the presence of a catalyst.

2. Description of the Prior Art

Non-crystalline plastics such as acrylic resins, methacrylic
resins, styrene resins, polycarbonate resins and cyclic poly-
olefin resins have now been used 1n various application fields,
and particularly have found increasing use as optical materi-
als such as optical lenses and substrates for optical discs
because of their excellent optical properties. Such optical
materials are required to have, 1n addition to a high transpar-
ency, high functional properties well-balanced 1n a high heat
resistance, a low water absorption and mechanical properties.

Known plastics do not necessarily meet these requirements
and mmvolve own problems to be solved. For example, poly-
styrene 1s mechanically brittle, large 1n birefringence and
poor 1n transparency. Polycarbonate 1s excellent 1n heat resis-
tance, but has a large birefringence and a transparency as poor
as polystyrene. Polymethyl methacrylate 1s highly transpar-
ent, but poor 1n dimension stability because of extremely high
water absorption and low 1n heat resistance. Polyvinylcyclo-
hexane which 1s produced by the nuclear hydrogenation of
polystyrene 1s excellent 1n transparency, but has a low
mechanical strength, a poor heat resistance and a poor adhe-
sion to other materials (for example, JP 2003-1308078A,
Japanese Patent 30943555, and JP 2004-149549A).

Copolymers of methyl methacrylate (MMA) and styrene
(MS resin) are highly transparency and well balanced 1n
dimension stability, rigidity, specific gravity, etc., but exhibit
a large birefringence.

Nuclear-hydrogenated MS resins (MSH resins), particu-
larly MSH resins having a MMA unit content of 50 mol % or
more exhibit, as compared with MS resins, a birefringence
extremely lowered and are known to be well balanced 1n
transparency, heat resistance and mechanical properties.

The nuclear hydrogenation of aromatic polymers are
already known. It has been recognized in the art that the
degree of nuclear hydrogenation must be increased for attain-
ing a high transparency, and therefore, highly transparent
resins cannot be obtained unless the degree of nuclear hydro-
genation 1s increased to about 100%. This 1s because that the
resultant polymer has a block structure when the degree of
nuclear hydrogenation 1s low, to lower the total light trans-
mittance. Aromatic polymers are not easily nuclear-hydroge-
nated because of their high molecular weights. Therefore, it
has been proposed to design the micro pore structure of cata-
lyst ({or example, JP 11-504959T). However, 1t 1s difficult to
reach 100% degree of nuclear hydrogenation. Therefore, it
has been demanded to provide a method which 1s capable of
attaiming a high transparency even when the degree of nuclear
hydrogenation 1s lower.

The nuclear hydrogenation 1s largely aifected by the sol-
vent because 1t 1s a reaction of macromolecules. Various sol-
vents such as hydrocarbons, alcohols, ethers and esters are
hitherto used for the nuclear hydrogenation. However, these
solvents mvolve problems: hydrocarbons and alcohols are
poor 1n dissolving power to aromatic polymers; ethers, for
example, 1,4-dioxane has a low 1gnition point; and tetrahy-
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drofuran 1s 1nstable because it 1s easily subject to ring-open-
ing reaction; and esters make the resultant polymers cloudy
depending on the degree of nuclear hydrogenation. Thus,
there has been proposed no safe and stable method capable of
quickly producing highly transparent nuclear-hydrogenated
aromatic polymers. It has been reported that a high transpar-
ency can be attained even at a low degree of nuclear hydro-
genation by adding alcohol or water to ether solvents (for
example, Japanese Patent 2890748). However, the nuclear-
hydrogenated polymer produced by the proposed method
fails to satisty the high transparency required for optical
materials.

SUMMARY OF THE INVENTION

The present mvention provides a safe and stable method
capable of quickly producing highly transparent nuclear-hy-
drogenated aromatic polymers even when the degree of
nuclear hydrogenation 1s low.

As a result of intensive research, 1t has been found that
highly transparent nuclear-hydrogenated polymers can be
quickly, safely and stably produced by hydrogenating aro-
matic vinyl compound—(meth)acrylate copolymers 1n the
presence of a catalyst 1n a mixed solvent comprising an ester
compound and an alcohol compound, and further found that
the obtained nuclear-hydrogenated polymers are highly
transparent even when the degree of nuclear hydrogenation 1s
low. The present invention 1s based on these findings.

Thus, 1n one aspect, the present mvention relates to a
method of producing a nuclear-hydrogenated polymer which
comprises a step of hydrogenating an aromatic vinyl com-
pound—(meth)acrylate copolymer 1n a mixed solvent com-
prising an ester compound and an alcohol compound 1n the
presence of a catalyst. In another aspect, the present invention
relates to a composition for optical materials comprising the
nuclear-hydrogenated polymer produced by such a method.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described below 1n detail.

Examples of the aromatic vinyl compounds used in the
present invention include styrene, a-methylstyrene, hydroxy-
styrene, alkoxystyrene and chlorostyrene, with styrene being
preferred.

Examples of the (imeth)acrylates used 1n the present inven-
tion 1nclude alkyl (meth)acrylate such as methyl (meth)acry-
late, ethyl (meth)acrylate, butyl (meth)acrylate, lauryl (imeth)
acrylate, stearyl (meth)acrylate, cyclohexyl (meth)acrylate,
and 1sobornyl (meth)acrylate; hydroxyalkyl (meth)acrylate
such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, and 2-hydroxy-2-methylpropyl (meth)acry-
late; alkoxyalkyl (meth)acrylate such as 2-methoxyethyl
(meth)acrylate and 2-ethoxyethyl (meth)acrylate; aralkyl
(meth)acrylate such as benzyl (meth)acrylate; aryl (meth)
acrylate such as phenyl (meth)acrylate; and (meth)acrylates
having a functional group similar to phospholipid such as
2-(meth)acryloyloxyethylphosphorylcholine. In view of the
balance 1n the properties of the resulting hydrogenated poly-
mers, a sole use of an alkyl methacrylate and a combined use
of an alkyl methacrylate and an alkyl acrylate are preferred. If
used 1n combination, 1t 1s preferred to use 80 to 99.9 mol % of
the alkyl methacrylate and 0.1 to 20 mol % of the alkyl
acrylate. Of the alkyl acrylates, preferably used are methyl
acrylate or ethyl acrylate.

In this application, “acrylate” and “methacrylate” are com-
binedly expressed as “(meth)acrylate.”
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A monomer mixture contaiming the aromatic vinyl com-
pound and the (meth)acrylate 1s polymernized by a known
method, preferably by radical polymerization because of its
casiness for industrial use. The radical polymerization 1s car-
ried out 1n a known manner selected from bulk polymeriza-
tion, solution polymerization, emulsion polymerization and
suspension polymerization. For example, the bulk polymer-
ization and solution polymerization are continuously carried
out at 100 to 180° C. while continuously feeding a monomer
composition containing monomers, a chain transfer agent and
a polymerization initiator to a complete mixing tank. In the
solution polymerization, the monomer composition 1s fed
into a reaction tank together with a hydrocarbon solvent such
as toluene, xylene, cyclohexane and methylcyclohexane, an
ester solvent such as ethyl acetate, a ketone solvent such as
acetone and methyl ethyl ketone, an ether solvent such as
tetrahydrofuran and dioxane, or an alcohol solvent such as
methanol and 1sopropanol. After polymerization, the reaction
product solution from the polymerization tank 1s introduced
into a volatilizing extruder or a vacuum volatilizing tank for
removing volatile components, to obtain an aromatic vinyl
compound—(meth)acrylate copolymer.

Generally, the ratio of constitutional units of vinyl copoly-
mers 1s not necessarily 1 accord with the ratio of the charged
monomers and determined by the amounts of monomers
actually incorporated into the copolymer by polymerization.
The ratio of constitutional units of copolymer 1s 1 accord
with the ratio of the charged monomers if 100% of the
charged monomers are polymerized. Usually, 50 to 80% of
the charged monomer 1s polymerized in practical produc-
tions. In this case, the monomer with a higher reactivity 1s
dominantly incorporated into the polymer, resulting in the
disaccord between the ratio of the charged monomers and the
rat10 of constitutional units of the resultant copolymer. Thus,
the ratio of the charged monomers should be regulated so as
to obtain a desired ratio of constitutional units of the resultant
copolymer.

The molar ratio of the constitutional units ((meth)acrylate
monomer units/aromatic vinyl monomer units) of the aro-
matic vinyl compound—{(meth)acrylate copolymer used in
the hydrogenation of the mvention 1s preferably from 0.25 to
4. If 0.25 or more, the mechanical strength suflicient for
practical use 1s obtained. It 4 or less, the number of aromatic
rings to be hydrogenated 1s sufficient and the improving etfect
on properties, for example, the increase 1n glass transition
temperature by hydrogenation, 1s obtained. In view of balance
in properties, the molar ratio 1s more preferably from 0.25 to
2.5, and still more preferably from 0.25 to 2.

The weight average molecular weight of the aromatic vinyl
compound—(meth)acrylate copolymer 1s preferably from
10,000 to 1,000,000, more preferably from 50,000 to 700,
000, and still more preferably from 100,000 to 3500,000.
Copolymers having a weight average molecular weight of
less than 10,000 or more than 1,000,000 can be also nuclear-
hydrogenated by the method of the invention. However,
within the above range, the copolymer 1s easy to handle with
respect to viscosity, etc., and a nuclear-hydrogenated polymer
having mechanical strength suflicient for practical use 1s
obtained. The weight average molecular weight was deter-
mined by gel permeation chromatography (GPC). GPC was
conducted using THF solvent and the results were calibrated
by a standard polystyrene.

In the method of the present invention, the nuclear hydro-
genation 1s conducted 1n a solvent dissolving the aromatic
vinyl compound—(meth)acrylate copolymer. Preferred sol-
vents are those capable of well dissolving hydrogen and the
copolymers before and after the nuclear hydrogenation, and
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having no site susceptible to hydrogenation. The solvent 1s
turther required to allow the nuclear hydrogenation to pro-
ceed quickly. To facilitate the removal of the solvent after the
nuclear hydrogenation, 1t 1s important for the solvent to have
a high 1gnition point. As the solvent satisiying all of these
requirements, a mixed solvent of an ester compound and an
alcohol compound 1s used 1n the present invention.

The ester compound 1s preferably at least one aliphatic
ester compound selected from the compounds represented by
the following formula 1:

RICOOR? (1)
wherein R’ is an alkyl group having from 1 to 6 carbon atoms
and R” is an alkyl group having from 1 to 4 carbon atoms.
Examples thereol include methyl acetate, ethyl acetate, n-bu-
tyl acetate, pentyl acetate, methyl propionate, ethyl propi-
onate, n-propyl propionate, n-butyl propionate, methyl n-bu-
tyrate, methyl 1sobutyrate, n-butyl n-butyrate, methyl
n-valerate, and methyl n-hexanoate, with methyl 1sobutyrate
being preterably used.

The alcohol compound 1s preferably at least one aliphatic
alcohol compound selected from the compounds represented
by the following formula 2:

R°*CH,OH (2)
wherein R is hydrogen atom or an alkyl group having from 1
to 6 carbon atoms. Examples thereof include methanol, etha-
nol, n-propanol, 1sopropanol, and butanol, with methanol and
n-propanol being preferably used.

The mixing ratio 1s preferably from 0.5 to 20 parts by
weight, more preferably from 1 to 10 parts by weight of the
alcohol compound per 100 parts by weight of the ester com-
pound.

Generally, the nuclear-hydrogenated polymer includes
non-hydrogenated aromatic rings which are likely to make
the polymer cloudy. This 1s because on one hand that the
nuclear-hydrogenated units and the non-hydrogenated units
form respective blocks, and on the other hand that the low
molecular chain 1s preferentially nuclear-hydrogenated and
the high molecular chain remains non-hydrogenated. Thus,
the rate of nuclear hydrogenation 1s different in the low
molecular chain and the high molecular chain. Therefore, 1
only the low molecular chain 1s preferentially nuclear-hydro-
genated, domains occur to likely make the resultant polymer
cloudy. If the formation of the high molecular non-hydroge-
nated units 1s prevented and the whole reaction system 1s
compatibilized, the domains are not formed, thereby obtain-
ing a highly transparent nuclear-hydrogenated polymer. This
can be attamned by the use of the mixed solvent mentioned
above.

The concentration of the aromatic vinyl compound—
(meth)acrylate copolymer in the solution for the nuclear
hydrogenation 1s preferably from 1 to 30% by weight, more
preferably from 3 to 30% by weight, and still more preferably
from 5 to 20% by weight. Within the above range, the reaction
speed and the viscosity of solution are moderate and the
productivity and production efficiency are good.

The catalyst for the nuclear hydrogenation 1s selected from
known catalysts which cause no hydrogenation and other
reactions of the mixed solvent. Examples thereof include
solid catalysts composed of a general porous carrier, such as
activated carbon, alumina (Al,O,), silica (S10,), silica-alu-
mina (S10,—Al,O;) and diatomaceous earth, carrying met-
als such as palladium (Pd), platinum (Pt), rhodium (Rh),
ruthentum (Ru) and mickel (IN1), or oxides, salts or complexes
of these metals. The amount of metal carried on the carrier 1s
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preferably from 0.01 to 50% by weight, more preferably from
0.05 to 20% by weight, and still more preferably from 0.1 to
10% by weight. When the nuclear hydrogenation 1s con-
ducted 1n a manner of slurry bed, the particle size of carrier 1s
preferably from 0.1 to 1,000 um, more preferably from 1 to
500 um, and still more preferably from 5 to 200 um. Within
the above range, the removal of catalyst after the nuclear
hydrogenation 1s easy and the decrease of reaction speed 1s
prevented. In view of dispersibility of the metal to be carried
and ability of hydrogenation, the pore size of the carrier 1s
preferably from 20 to 3,000 A and the specific surface area
thereof is preferably 5 m*/g or more. The catalyst is used
preferably 1n an amount of from 0.1 to 50 parts by weight per
100 parts by weight of the aromatic vinyl compound—(meth)
acrylate copolymer.

The nuclear hydrogenation 1s conducted 1n either of slurry
bed or fixed bed 1n either of batch manner or continuous flow
manner as employed 1n the art. Preferably, the nuclear hydro-
genation 1s conducted at 60 to 250° C. for 3 to 48 h under a
hydrogen pressure of 3 to 30 MPa. An excessively low reac-
tion temperature causes the reaction speed slow, and an exces-
stvely high reaction temperature decomposes the copolymer.
A low hydrogen pressure makes the reaction speed slow, and
a high hydrogen pressure requires a pressure resistant reac-
tion vessel to make the production economy poor.

After the nuclear hydrogenation, the catalystis removed by
a known method such as filtration and centrifugal separation.
In view of discoloration and the adverse atlect on mechanical
properties, the residual amount of catalyst metal in the
nuclear-hydrogenated polymer 1s preferably as low as pos-
sible, more preferably 10 ppm or less, and still more prefer-
ably 1 ppm or less.

The purified nuclear-hydrogenated polymer i1s obtained
from the polymer solution after the nuclear hydrogenation by
removing the solvent, for example, by the following manner:
(1) the solvent 1s continuously removed from the polymer
solution and the resultant concentrate 1s melt-extruded 1nto
pellets; (2) the solvent 1s evaporated from the polymer solu-
tion and the resultant mass 1s pelletized; (3) the polymer
solution 1s poured into or added with a poor solvent and the
resultant precipitate 1s pelletized; and (4) the polymer solu-
tion 1s brought into contact with a hot water and the resultant
mass 1s pelletized.

The nuclear-hydrogenated polymer obtained by the
method of the mvention 1s transparent because 1t transmits
visible lights well. The total light transmittance 1s preferably
90% or more when measured on a molded article with a
thickness of 3.2 mm. Since the loss of light due to the reflec-
tion at the surface of molded article cannot be avoided, the
upper limit of the total light transmittance depends on the
refractive index. If used as optical materials, a higher trans-
parency 1s sometimes required. Therefore, the total light
transmittance 1s more preferably 91% or more and still more
preferably 92% or more. Such a high transparency can be
attained by a uniform hydrogenation of aromatic rings.

The composition containing the nuclear-hydrogenated
polymer produced by the method of the present invention 1s
thermoplastic, and therefore, easily made into precision
shaped articles by a thermoforming such as extrusion, 1njec-
tion molding and fabrication of sheets. Since the nuclear-
hydrogenated polymer 1s excellent in optical properties, its
shaped articles are used as light guide palate or body, display
front panel, plastic lens substrate, optical filter, optical film,
illuminant cover, illumination signboard, efc.

The present invention will be described 1n more detail with
reference to the following examples. However, 1t should be
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noted that the following examples are merely 1llustrative and
the scope of the present invention 1s not limited thereto.

The evaluations of the nuclear-hydrogenated polymer were
made by the following methods.

(1) Degree of Nuclear Hydrogenation

Expressed by the degree of reduction 1n the peak at 260 nm
before and after the nuclear hydrogenation measured by UV
Spectroscopy.

(2) Total Light Transmittance

Using an electric mjection molding machine (Autoshot-
100B manufactured by Fanuc Ltd.), a nuclear hydrogenated
polymer was made into molted articles at a cylinder tempera-
ture of 260° C. while changing the conditions for metering
and maintaining the pressure. After the machine reached a
condition for stably producing molded articles without mold-
ing shrink, a flat plate (50 mmx50 mmx3.2 mm) was pro-
duced at a mold temperature of 90° C. and a cooling time of

40 S. Then the flat plate was measured for 1ts total light
transmittance by a transmission method using a color/turbi-

dimeter COH-300A available from Nippon Denshoku Indus-
tries Co., Ltd.

EXAMPLE 1

Into a mixed solvent consisting of 42.75 g of methyl 1sobu-
tyrate (IBM) and 2.25 g of n-propanol, 5 g of MMA-styrene
copolymer “MS 600” available from Nippon Steel Chemical
Co., Ltd. (weight average molecular weight=170,000; MMA/
styrene=6/4 by mole) was dissolved. The obtained solution
and 0.1 g of 10 wt % Pd/C (PE Type available from N.E.
Chemcat Corporation) were charged in a 200-ml autoclave,
and the nuclear hydrogenation was conducted at 200° C.
under a hydrogen pressure ol 9 MPa for 6 h. After the reaction,
the reaction product solution was filtered to remove the cata-
lyst. The filtrate was poured into an excess amount of metha-
nol to precipitate the polymer which was then recovered.

the

The degree of nuclear hydrogenation was 91.8% and
total light transmittance was 92%.

EXAMPLE 2

In the same manner as 1n Example 1 except for using 2.25
g of methanol 1n place of 2.25 g of n-propanol and changing
the reaction time to 24 h, the nuclear hydrogenation was
conducted to produce the polymer. The degree of nuclear

hydrogenation was 93.5% and the total light transmittance
was 92%.

EXAMPLE 3

In the same manner as 1n Example 1 except for using 2.25
g of n-butanol 1n place of 2.25 g of n-propanol, the nuclear
hydrogenation was conducted to produce the polymer. The
degree ol nuclear hydrogenation was 84.3% and the total light
transmittance was 92%.

COMPARAITIVE EXAMPLE 1

In the same manner as 1n Example 1 except for using only
45 g of IBM as the solvent and changing the amount of
catalyst to 0.2 g, the nuclear hydrogenation was conducted to
produce the polymer. The degree of nuclear hydrogenation
was 97.9% and the total light transmittance was 85%.
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COMPARAIIVE EXAMPLE 2

In the same manner as 1n Example 1 except for using 2.25
g of cyclohexane in place of 2.25 g of n-propanol, the nuclear
hydrogenation was conducted to produce the polymer. The
degree ol nuclear hydrogenation was 96.0% and the total light
transmittance was 84%.

COMPARAIIVE EXAMPLE 3

In the same manner as 1n Example 1 except for using 2.235
g of n-butyl ether 1n place o1 2.25 g ol n-propanol, the nuclear
hydrogenation was conducted to produce the polymer. The
degree ol nuclear hydrogenation was 90.8% and the total light
transmittance was 85%.

COMPARAIIVE EXAMPLE 4

Into 225 g of ethyl acetate, 25 g of MMA-styrene copoly-
mer “MS 600 was dissolved. The obtained solution and 0.5
g of 10 wt % Pd/C (PE Type available from N.E. Chemcat
Corporation) were charged 1n a 500-ml autoclave, and the
nuclear hydrogenation was conducted at 200° C. under a
hydrogen pressure of 13 MPa for 15 h. After the reaction, the
polymer was recovered 1n the same manner as 1n Example 1.
The degree of nuclear hydrogenation was 94.6% and the total
light transmittance was 85%.

COMPARAIIVE EXAMPLE 5

Into 90 g of methyl acetate, 10 g of MMA -styrene copoly-
mer “MS 600 was dissolved. The obtained solution and 0.2

g of 10 wt % Pd/C (PE Type available from N.E. Chemcat
Corporation) were charged 1n a 200-ml autoclave, and the
nuclear hydrogenation was conducted at 200° C. under a
hydrogen pressure of 13 MPa for 15 h. After the reaction, the
polymer was recovered 1n the same manner as 1n Example 1.
The degree of nuclear hydrogenation was 96.4% and the total
light transmittance was 84%.

COMPARAIIVE EXAMPLE 6

In the same manner as in Example 1 except for using 45 g
of n-propanol 1n place of the mixed solvent, the nuclear
hydrogenation was tried to conduct. However, 1t was diflicult
to allow the nuclear hydrogenation of the MMA-styrene
copolymer to adequately proceed, because the MM A-styrene
copolymer was hardly dissolved in n-propanol.
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The nuclear-hydrogenated polymer produced by the
method of the present invention has a high transparency, a low
birefringence, a high heat resistance, a high surface hardness,
a low water absorption, a low specific gravity, a high transfer
printability, and a high releasability. Because of 1ts properties
excellent as optical materials, the nuclear-hydrogenated poly-
mer 1s widely applied to optical lenses, light guide plates,
light diffusers, optical disc substrates, front panels, etc.

What 1s claimed 1s:

1. A method of producing a nuclear-hydrogenated polymer
which comprises a step of hydrogenating a styrene/methyl
methacrylate copolymer 1n solution 1n a mixed solvent com-
prising methyl 1sobutyrate and an alcohol compound selected
from the group consisting of methanol, n-propanol, and n-bu-
tanol, wherein the mixed solvent comprises 100 parts by
weight of the methyl 1sobutyrate and 0.5 to 20 parts by weight
of the alcohol compound, in the presence of a catalyst.

2. The method according to claim 1, wherein a weight
average molecular weight of the styrene/methyl methacrylate
copolymer 1s from 10,000 to 1,000,000.

3. The method according to claim 1, wherein a molar ratio
of the constitutional units, methyl methacrylate monomer
units/stryrene monomer units, of the styrene/methyl meth-
acrylate copolymer 1s from 0.25 to 4.

4. The method according to claim 1, wherein the catalyst 1s
selected from the group consisting of palladium, platinum,
rhodium, ruthenium, nickel, oxides thereof, salts thereof and
complexes thereof.

5. The method according to claim 1, wherein the catalyst s
supported on a carrier selected from the group consisting of
activated carbon, alumina, silica, silica-alumina and diatoma-
ceous earth.

6. A nuclear-hydrogenated polymer produced by the
method according to claim 1.

7. The nuclear-hydrogenated polymer according to claim
6, wherein a total light transmittance 1s 90% or more when
measured on a molded article having a thickness of 3.2 mm.

8. A composition for optical materials comprising the
nuclear-hydrogenated polymer according to claim 6.

9. The method according to claim 1, wherein the mixed
solvent comprises 100 parts by weight of the ester compound
and 1 to 10 parts by weight of the alcohol compound.

10. The method according to claim 1, wherein concentra-
tion of the styrene/methyl methacrylate copolymer in solu-
tion 1n the mixed solvent 1s 1 to 50% by weight.
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